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On t/te Manufacture of tTte Carbon Elements for Bunsen Batteries.* 
By JoIt~ ¥ o u ~ ,  Manager of the Gas Works, Dalkeith. 

The advantages attending the use of the Bunsen Battery as a power- 
ful source of" electric action has led to its very general adoption, espe- 
cially in those experiments of a more brilliant character. The peculiar 
constructior~ of this battery consists in substituting for platinum, car- 
bon of that condition found in the interior of gas retorts. The diffi- 
culty of procuring carbon of this sort, and especially of giving it a 
proper form when obtained, led to the series of experiments and their 
results which form the subject of this communication. 

IIitherto the supply of prepared carbons has almost exclusively been 
furnished to this country from the Continent ; and so far as they have 
come under my observation they were made from the retort carbon 
above mentioned. The precariousness of a supply from this source, 
and the fact of its being dependent for its continuance upon an evil 
which gas engineers are trying all means to overcome, suggested the 
propriety of finding some compound, and mode of treating it, which 
would render us equally independent of foreign aid, and that period 
in the history of gas-lighting when the engineer has attained his ob- 
ject. During the spring of last year these experiments were entered 
upon ; and ibr several weeks at first occupied my whole attention, and 
at brief intervals during the summer were resumed. In the first outset 
we were entirely guided in our procedure by the information of the 
composition and treatment of the carbons by Professor Bunsen, as 
given in several works on electrical science ; but whether the material 
used by me or the mode of treatment differed from that of the Pro- 
fessor we do not know, hut the results in our hands were most unsatis- 
i~etory indeed. The prescribed composition used by the Professor is 
"coke and coal in fine powder, heated together in an iron mould, thus 
forming a mass of solid carbon of the required form. To give greater 
solidity~ they were plunged into a syrup of sugar, afterwards dried, 
and then submitted to an intense heat in covered vessels." These in- 
structions are apparently plain enough, unencumbered by detail, and 
would indicate, by their brevity, that the solid mass of carbon was so 
sure of being obtained that more minute instructions were totally un- 
necessary. In our experiments we employed the finest pieces of :New- 
castle coke in powder and the finest English caking coal, and followed 
the recipe with great care. We used (1) cold moulds, afterwards heat. 
ing them carefully ; and (2) red-hot moulds, and packed in the com- 
position in a fused state; and yet the four weeks in which we were so 
occupied were characterized by one series of failures, during which we 
had wasted large quantities of sugar, besides less valuable materials, 
without receiving a single hint that we were proceeding in the right 
direction ; and not until a partially new process was entered upon did 
hopes arise that we would ever attain our object. The carbon ele- 
ments so obtained were either loose and friable, or altogether in a 
state of powder, or so full of cracks and fissures~ when an excess of 
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coal was used, that in either case they were useless. Some of the best 
we endeavored to finish; but after repeated soakings in the syrup of 
sugar, we couhl witll difficulty produce them of sufficient density; and, 
when attainable, only at such expense as precluded competition ia 
price with those ah'eady in the m'~rket. 

Starting anew, and availing ourselves of the ~,arieties of coke withln 
re.tch, and trusting to our own observations for guldancc, ~'e entered 
upon a new series of experiments with different kinds of coke, mixed 
in various proportions, and differently treated. Among failures, we 
also had hints of success, and from noting the changes by which these 
favorable hints ha~l been furnished, we were able to proceed under 
more cheering prospects. The results of these experiments were, that 
the coke from the Marquis of Lothian's parrot coal, as left in the gas 
retort, was best. What peculiarity in this coke should make it superior 
we cannot say, unless it be the small amount of ash that it contains; 
but M~eu used by us, it was always covered by a peculiar glistening, 
silvery deposit of carbon from its own gas. [['he amount of ash in tile 
coke we found to be less than 7 per cent. 

After many trials, we obtained the best results from the following 
nfixture and mode of treatmeut--viz: 64 per cent. by weight of coke 
powder, and 36 per cent. of English caking coal in powder, welt mixed, 
and moistened with ~ solution of sugar or starch, until the mass, Mlei1 
pressed in the hand, retained its form. When starch was used, it was 
in tile form of mucilage ; and when syrup of sugar was used, i~ was 
composed of one part of sugar to one and a half of water. The pre- 
pared composition was pressed very hard into moutds of the required 
form, and ~'hen taken from tile mould the cakes were set aside to dr),. 
~he use of sugar or starch in the composition is to cause the adhesion 
of tile particles of coke and coal powder, so that they retain the form 
of the mould, aud when dry become a hard cake that can be handled, 
and closely packed into the eoking-mould. The part of the process 
referred to is conducted precisely the same as in the manufacture of 
ordinary bricks ; but the similarity of manufacture goes no further, as 
all air has to be excluded from the carbons, otherwise combustion en- 
sues, and entirely destroys them. To prevent the action of the air, the 
eoking is done inside a gas retort, into which a small quantity of coal 
had been introduced to expel the air. The box or mould in which the 
bricks were packed during the coking contained thirteen carbons at 
one time. The length of the box was equal to the thickness of the 
whole thirteen, including plates of iron of {-inch thickness, which were 
placed between them, to prevent the carbons from fusing together.-- 
'_ehe breadth of the box was equal to the length of the carbons, and 
ttm depth equal to the breadth of the carbons. The mould with cover 
was so constructed, that the encased carbons should be closely clamped 
up and compressed between the plates while coking. The great ten- 
dency that the caking coal has to tumify while in fusion, by the escape 
of the gas, made this precaution the more necessary ; and unless at- 
*ended to the carbons would have been loose and porous. Tile box and 
its contents vcere in the retort for about one hour and a half, at a 
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bright cherry-red heat  ; and ~vhcn taken out were covered over with 
dry dust until cold, to prevent the air from acting on the carbons 
through tile chinks round tile cover. When taken from tile box the 
carbons have a close surface, owing to the iron plates compressing the 
exuding fused coke. At  this stage they have no electrical action, and 
are entirely dependent upon the subsequent parts of the process for 
the deposit of carbon to bestow this property. From this point in the 
m~nufactnrc, my mode of treatment is new, and depends for the closing 
of the pores in the coke to the fixed carbon from a soaking of coal t~r, 
and tl~e carbonaceous deposit from gas during its liberation from the 
coal. My experiments upon sugar, as a source of cementing carbon, 
showed me that at the best it would be expensive, and exceedingly 
slow in its action, from the low per centage of fixed carbon that it left. 
When the syrup ~sed was composed of equal weights of sugar and 
~v~ter, the fixed carbon was only 13 per cent. of the liquid absorbed, 
or 26 per cent. of the sugar in the solution. At this rate, every ounce 
weight added to the carbons would cost 1-}d. with sugar at its present 
cheap rate, besides the additional troub!e of having the carbons to dry 
after each soaking. In using coal tar as a substitute, we first heated 
it to a temperature of 300 °, so as to drive off the naphtha hydro-car- 
bons, which left it in a semi-pitched conditiofi ; and while still hot the 
coke bars were soaked in it till saturated, and sank to the bottom. The 
per centage of fixed carbon left in the coke after the soaking, and 
heated to redness, was 32"5 per cent. of the tar absorbed, or 2½ times 
the weight obtained from sugar, and secured at an infinitely less 
cost. Pure tar  carbon is among the best that I have yet  tried for 
:Bunsen Batteries, and it was the success in some experiments that i 
was making with it that  i ndued  me to t ry it as u source of fixed car- 
bon for the purpose now mentioned. 

Three separate soakings in the tar, as described, and as many times 
heated to a high temperature, are necessary fully to close the pores 
of the coke. :Before the last steeping, the carbons are ground upon 
flat stone into the required shape. In grinding, a little water is used, 
but only so much as may form the abraded powder from the carbons 
into ~ pasty state ; and as the carbons are still absorbent at this stage, 
they imbibe the water from the paste, and leave the particles of car- 
bon deposited in the pores on the surface, thereby leaving the close 
surface shown in the finished state. The carbons are again soaked in 
tar, and charred at ~ high temperature, when the process is completed 
by the final smoothing on a fiat stone. 

The manufacture of the carbons is conducted simultaneously with 
the process of gas-making ; and thereby, with economy of heat, a con- 
siderable amount of carbon is deposited from the gas itself, in addition 
to the fixed carbon from the tar absorbed. ])"or convenience of having 
them properly placed upon the coal irL the retort, a long semicircular 
trough of iron is prepared (similar to a water run for eaves of houses) 
to contain from twelve to twenty at one time, and after the charge of 
coal is introduced, and before closed up, the long trough and its con- 
tents are thrust in over the coals, close up  to the roof of the retort, 
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and allowed to remain till the charge of coal is wrought off--a period 
of nearly three and a half hem's. On being withdrawn~ the carbons 
are scattered about, to cool as rapidly as possible, and prevent their 
burning away by the action of the air ; and when cold they receive the 
slight rub to smooth them, which finishes the process. 

I do not ~'ish it to be understood th at I consider these carbon elements 
have reached their perfect st'~tc. This notice only shows the process 
in a compar'ltively infant stage; and I hope to be able to prosecute 
the experiments to greater maturity, so as to be able to place a still 
better article in the hands of the student of elcctricity.--Transactions 
of the Royal ~S2'ottish ,b'ociety of Arts. 

Experi,me~t,~ on tl~e Total tIeat of Steam.* ~y J. I ). JovI~E, LL.D., 
]' .R.S.--[l~cad before the Philosophical Society of Manehester.~ 

The al~thor showed that what is called the total heat of steam, or 
the quantity liberated when ste:m~ is condensed into water of 0 ° centi- 
grade, c(msists of--lst,  the true heat of evaporation ; 2d, the heat due 
to the work done on the steam during the condensation; and 3d, the 
heat liberated by cooling the water from the temperature of condensa- 
tion to the freezing i)oint. The determination of the total heat of steam 
had been made the object of a very careful and elaborate research by 
Regnault ; but it appeared to the author that independent experiments, 
conducted in a different and more direct manner, would not be with- 
out interest. The following is ~ summary of the results obtained by 
him, compared with those of Regnault : 

Tota l  pressure  To ta l  U e a t  in Degrees  Centigrade.  
Of ~teale. 

Regnau l t .  

37"25 638"43 638-77 
57"52 644"77 642"87 

111"58 655"45 649"06 

On the Condttctibigity of eertaS~ Alloys for tTeat and _Electricity. t 
:By G. WIEDE~AZ~N. 

In an experimental investigation, Wiedemann and Franz.~ found 
that the thermal and electrical conductibility of metals was nearly 
identical. Their researches also showed that in brass (which contains 
1 part o[' zinc to 2 of copper) the thermal conductibility differs but 
very little from that of the worse conducting metal, zinc, although the 
latter is llresent in smallest quantity. In other alloys, as those of tia 
and lead, an analogous relation prevails in reference to the electric 
conductibility. Messrs. Calvert and Johnson have lately investigated 
the thermal conductibility of several alloys, and have arrived at results 
Milch differ materially from those of Wicdemann and Franz~ and which 
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